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(57) ABSTRACT 

A data framer capable of supporting at least tWo different 
data framing protocols potentially present in a source data 
stream includes tWo or more framing circuits and a control 
ler coupled to the framing circuits. Each of the framing 
circuits is con?gured to extract user data from the source 
data stream in accordance With a different data framing 
protocol associated With the respective framing circuit. The 
controller is operative to: receive the source data stream 
and automatically determine Which of the at least tWo 
different data framing protocols corresponds to the source 
data stream; and (ii) route the source data stream to one of 
the ?rst framing circuit and the second framing circuit in 
response to a match betWeen the determined data framing 
protocol of the source data stream and one of the ?rst and 
second data framing protocols. 
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MULTI-PROTOCOL AGILE FRAMER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Serial No. 60/294,972 ?led on May 31, 
2001, the disclosure of Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to data 
transmission systems, and more particularly relates to a data 
framer that is capable of automatically supporting tWo or 
more data framing protocols. 

BACKGROUND OF THE INVENTION 

[0003] It is Well knoWn that data communication proto 
cols, for transferring information betWeen a source and a 
destination over a communication network, typically 
employ a framing architecture for synchroniZing data 
betWeen the source and destination. A data frame may be 
divided into various sections, including a message section 
and an information section (e.g., framing data) associated 
With the message section Which is used, for eXample, to 
identify the frame boundaries and maintain the communi 
cation netWork path. The information section typically 
resides in a header and/or a trailer portion of the data frame. 
Different data communication protocols often utiliZe differ 
ent frame organiZations for sending data over the commu 
nication netWork. 

[0004] Adata framer is a device Which generally functions 
in a data link layer of a data transmission system. When 
utiliZed at the receiver side of the system, the framer 
searches an incoming data stream for a data frame of a preset 
format or protocol. Once the frame boundaries have been 
identi?ed using the preset protocol, valid user data is located 
Within the frame by subsequent processing stages. On the 
transmit side, the framer organiZes the user data into a frame 
corresponding to the preset protocol for transmission over 
the communication netWork. 

[0005] Conventional framers are generally capable of pro 
cessing only a single framing protocol. Since the conven 
tional framer conducts all functions speci?cally for a 
selected protocol, received data streams that do not match 
the selected protocol Will not be identi?ed as valid. Like 
Wise, transmitted data streams Will only be framed in accor 
dance With the single selected protocol. Additionally, there 
often eXist variants of a given protocol for different data 
transmission rates. Framers are typically optimiZed for a 
targeted data rate. Thus, When the data rate changes, the 
framer settings must typically be manually modi?ed to 
correspond to the selected protocol at the desired data rate. 

[0006] It Would be advantageous, therefore, to provide a 
framer that is capable of automatically supporting multiple 
framing protocols and/or data transmission rates. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides techniques for 
forming a multi-protocol framer for use, for eXample, in a 
data transmission system. The multi-protocol framer is 
capable of automatically detecting a particular data transfer 
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protocol in an input data stream received from a transmis 
sion medium, such as, for eXample, a ?ber optic netWork. 
Once the particular protocol has been detected by the framer, 
the framer is con?gured to eXtract valid data from the input 
data stream and/or frame valid data for transfer over the 
transmission medium according to the detected protocol. 
Thus, using the techniques of the present invention, a data 
framer may be provided that is not only capable of auto 
matically handling multiple data transfer protocols, but 
eliminates the need for knoWing the protocol type a priori. 

[0008] In accordance With one aspect of the invention, a 
data framer capable of supporting at least tWo different data 
framing protocols potentially present in a source data stream 
includes tWo or more framing circuits and a controller 
coupled to the framing circuits. Each of the framing circuits 
is con?gured to eXtract user data from the source data stream 
in accordance With a different data framing protocol asso 
ciated With the respective framing circuit. The controller is 
operative to: receive the source data stream and auto 
matically determine Which of the at least tWo different data 
framing protocols corresponds to the source data stream; and 
(ii) route the source data stream to one of the ?rst framing 
circuit and the second framing circuit in response to a match 
betWeen the determined data framing protocol of the source 
data stream and one of the ?rst and second data framing 
protocols. 
[0009] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description of illustrative embodiments 
thereof, Which is to be read in connection With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a block diagram illustrating a system 
integration of the multi-protocol agile framer, in accordance 
With the present invention. 

[0011] FIG. 2 is a block diagram illustrating a receive side 
multi-protocol framer, formed in accordance With one aspect 
of the present invention. 

[0012] FIG. 3 is a block diagram illustrating an eXemplary 
decision tree utiliZed by the illustrative multi-protocol 
framer of FIG. 2 for determining the protocol of the 
incoming data stream, in accordance With the present inven 
tion. 

[0013] FIG. 4 is a block diagram illustrating a transmit 
side multi-protocol framer, formed in accordance With the 
present invention. 

[0014] FIG. 5 is a block diagram illustrating a generaliZed 
data processing system for implementing the methodologies 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] The present invention provides techniques for 
forming a multi-protocol framer. The multi-protocol framer 
is described herein With speci?c reference to synchronous 
optical netWork (SONET)/synchronous digital hierarchy 
(SDH), Ethernet Wide area netWork (WAN), Ethernet local 
area netWork (LAN), Fibre Channel WAN, and Fibre Chan 
nel LAN protocols for transferring data over a ?ber optic 
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network. It is to be appreciated, however, that the present 
invention is not limited to these or any particular data 
transmission protocols and/or communication mediums. 

[0016] Adetailed description of the SONET standard may 
be found, for example, in American National Standards 
Institute (ANSI) documents T1.105-1995, T1.105.02-1995, 
T1.105.04-1995 and T1.105.09-1996, Which are incorpo 
rated herein by reference. The WAN synchronization stan 
dard may be found, for example, in ANSI T1TR3GPP 
27.103-300, Which is incorporated herein by reference. 
Likewise, an overvieW of LAN protocol standards may be 
found, for example, in International Organization for Stan 
dardiZation (ISO)/International Electrotechnical Commis 
sion (IEC) documents TR 8802-1z2001, ISO/IEC 10038 
1993, Institute of Electrical and Electronics Engineers 
(IEEE) document 8027-1989 and IEEE 802.1q-1998, Which 
are incorporated herein by reference. The Fibre Channel 
protocol standard is described, for example, in the document 
“Fibre Channel—Physical and Signaling Interface” (ANSI 
X3.230-1994). Accordingly, a detailed description of these 
conventional data transfer protocols Will not be presented 
herein. 

[0017] In a data transmission system including a framer, 
one Way to decide Which framing format to use for trans 
ferring data betWeen a source and a destination is to manu 
ally set the data transfer protocol from outside the framer. 
HoWever, this has conventionally required a priori knoWl 
edge of the protocol used by the source. Moreover, When 
ever the protocol of an incoming data stream changes, 
control settings associated With the framer must also be 
manually changed to correspond to the incoming protocol in 
order to recogniZe the incoming data as being valid. 

[0018] To enable a protocol change Without manual inter 
action and Without requiring a priori knoWledge of the data 
framing protocol used by the source, the present invention 
provides techniques for automatically detecting the protocol 
of a received input data stream and locking to the framing 
architecture used by this protocol. Once the protocol has 
been determined on the receive side of the framer, the 
transmit side of the framer can be automatically set to 
correspond to the detected protocol. In this manner, a framer 
formed in accordance With the present invention is able to 
advantageously determine its oWn functionality Without 
manual interaction. In addition, the data framer of the 
present invention may provide the ability to change the data 
framing protocol in response to a user-selectable control 
signal. 

[0019] FIG. 1 illustrates an exemplary data transmission 
system, formed in accordance With the present invention. 
The illustrative data transmission system 100 preferably 
includes clock and data recovery (CDR) circuitry 102, a pair 
of multi-protocol agile framers 104 and 106, a pair of media 
access controllers (MACs) 112 and 114, and a sWitcher/ 
router 116. The CDR circuitry 102 is coupled to a transmis 
sion medium, such as, for example, a ?ber optic netWork 118 
for transferring data. The CDR circuitry 102 functions, at 
least in part, to operatively serialiZe and/or deserialiZe the 
incoming or outgoing data stream, respectively. On a receive 
side of the system, one of the framers 104 is operatively 
con?gured to receive an input data stream 120 from the CDR 
circuitry 102. The input data stream 120 may comprise data 
frames of one of a plurality of undetermined protocols. On 
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the transmit side of the system, another of the framers 106 
is operatively con?gured to send an output data stream 122 
to the CDR circuitry 102. Like the input data stream 120, the 
output data stream 122 may comprise data frames of one of 
a plurality of protocols, and is preferably matched to the 
protocol of the input data stream. 

[0020] One the receive-side, multi-protocol framer 104 is 
preferably con?gured to automatically detect the protocol of 
the input data stream 120 and extract valid data therefrom. 
Once the protocol has been determined, valid data can be 
easily located Within a given frame corresponding to the 
detected protocol. Preferably, framer 104 includes a ?rst 
output 124 for providing SONET/SDH-type data to the 
sWitcher/router 116 for transmission. Framer 104 also pref 
erably includes a second output 130 for providing Ethernet/ 
Fibre Channel-type data to the media access controller 
(MAC) 112, Which is operatively coupled to the sWitcher/ 
router 116. The MAC 112 functions, at least in part, to 
evaluate sWitch routing in the system. 

[0021] On the transmit-side, multi-protocol framer 106 is 
preferably con?gured to receive either SONET/SDH-type 
data 126 directly from the sWitcher/router 116 or receive 
Ethernet/Fibre Channel-type data 128 from the sWitcher/ 
router 116 via MAC 114. In either case, the data received 
from the sWitcher/router 116 is preferably framed by the 
transmit-side multi-protocol framer 106 using the protocol 
detected by the receive-side multi-protocol framer 104. The 
framed data is then sent to the CDR circuitry 102 as an 
output data stream 122 for transferring data to a destination 
via the ?ber optic netWork 118. 

[0022] With reference noW to FIG. 2, there is shoWn an 
illustrative multi-protocol agile framer con?gured for 
receive-side operation, in accordance With one aspect of the 
present invention. The multi-protocol framer 200 is prefer 
ably organiZed into several functional blocks for ease of 
explanation, including a Protocol Lock and Frame Synchro 
niZation Engine 202, a SONET/SDH framing block 204 and 
an Ethernet/Fibre Channel framing block 208. It is to be 
appreciated that each of these functional blocks may be 
implemented by individual circuitry corresponding thereto, 
such as, for example, a digital signal processor (DSP) or 
alternative processing device. Alternatively, a single circuit 
may be used to implement more than one functional block. 
Moreover, the present invention contemplates that one or 
more functional blocks associated With the framer may be 
implemented in softWare running on a processor, hardWare, 
or a combination of softWare and hardWare, as Will be 
understood by those skilled in the art. 

[0023] The Protocol Lock and Frame SynchroniZation 
Engine 202 preferably receives an input data stream 226 
presented thereto, for example, from a ?ber optic netWork, 
and searches for a frame synchroniZation pattern in the input 
data stream. For example, for a WAN protocol, the data 
stream may include framing bytes A1 and A2, Which indi 
cate the beginning of a synchronous transport signal (STS) 
frame. Alternatively, in the case of a LAN protocol, the data 
stream may include a 01/10 bit sequence every 66 bits, 
indicating the beginning of a LAN-type data frame. The 
Protocol Lock and Frame SynchroniZation Engine 202 pref 
erably includes tWo or more state machines 210 and 212, 
each of the state machines 210, 212 being con?gured to 
operatively detect a different predetermined protocol in the 
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input data stream 226. The present invention contemplates 
that additional state machines (not shown) may be added to 
the Protocol Lock and Frame Synchronization Engine 202 
for detecting additional data transfer protocols correspond 
ing thereto in the input data stream, thus expanding the 
protocol detection capability of the framer. 

[0024] The state machines 210, 212 preferably each 
receive the input data stream 226 and operate substantially 
in parallel, to essentially scan the input data stream and 
detect a data frame in accordance With prede?ned protocol 
standards associated thereWith. By operating in parallel, the 
state machines 210, 212 are able to detect an undetermined 
protocol in the input data stream more quickly. Therefore, 
the speed of a data framer formed in accordance With the 
present invention is signi?cantly improved. When one of the 
state machines detects a particular data frame corresponding 
to its con?gured protocol, that state machine may be referred 
to as being in an “in-frame” or “lock” condition, and the 
other state machine(s) may be disabled or otherWise shut off 
until the in-frame condition has ended. By disabling the 
unused state machine(s), poWer consumption in the framer 
may be reduced. 

[0025] When the Protocol Lock and Frame SynchroniZa 
tion Engine 202 identi?es the input data stream as being a 
WAN -type protocol, state machine 210, Which is used in this 
instance for detecting a WAN-type protocol in the data 
stream 226, preferably generates a control signal indicating 
that it is in an in-frame condition. The in-frame control 
signal generated by state machine 210 may be used to 
operatively disable state machine 212 and/or transfer the 
input data stream to subsequent processing circuitry asso 
ciated With state machine 210. Once the protocol of the input 
data stream has been identi?ed, the in-frame state machine 
(e.g., 210) preferably continues to periodically monitor the 
input data stream 226 to determine Whether the in-frame 
condition still exists. It is to be appreciated that once the 
state machine is in an in-frame condition, indicating that the 
data transfer protocol is knoWn, frame boundaries can be 
easily determined corresponding to the detected protocol. 
Thus, to determine Whether the in-frame condition still 
exists, the state machine need only monitor the input data 
stream for the expected frame boundaries, as Will be under 
stood by those skilled in the art. 

[0026] State machine 210 transfers the input data stream, 
Which has been previously identi?ed as being a WAN -type 
protocol, to the SONET/SDH framing block 204 via line 
214. The SONET/SDH framing block 204 preferably deter 
mines Whether the incoming data stream is a SONET/SDH 
protocol or a WAN interface sublayer (WIS) protocol, 
de?ned by the SONET/SDH standard and WIS standard 
(e.g., ANSI T1.416-1999, Which is incorporated herein by 
reference), respectively, as knoWn by those skilled in the art. 
To accomplish this, the SONET/SDH framing block 204 
may be con?gured to detect one or more predetermined byte 
locations in the input data stream. For example, the SONET/ 
SDH framing block 204 may operatively detect certain 
overhead bytes Which are utiliZed in the SONET/SDH 
protocol, but Which are unused and set to a particular logic 
level, such as, for example, logic Zero, in the WIS protocol. 
It is to be appreciated that alternative techniques for iden 
tifying a particular protocol or differentiating betWeen tWo 
or more protocols in the input data stream may be employed, 
in accordance With the invention. 
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[0027] When the incoming data stream 214 to the SONET/ 
SDH framing block 204 is determined to be a purely 
SONET/SDH protocol, the SONET/SDH framing block 204 
preferably transfers the data stream directly to subsequent 
processing circuitry (e. g., sWitcher/router 116 in FIG. 1), for 
example, via line 222. Alternatively, When the data stream 
214 is not recogniZed as a SONET/SDH protocol, a WIS 
block 228 included in the SONET/SDH framing block 204 
preferably transfers the data stream to state machine 212 via 
line 218 for further processing. Since a WIS frame essen 
tially contains a plurality of Ethernet/Fibre Channel frames, 
the WIS data stream 218 can be further processed in 
accordance With a LAN -type protocol. 

[0028] When the Protocol Lock and Frame SynchroniZa 
tion Engine 202 identi?es the input data stream 226 as being 
a LAN-type protocol, state machine 212 preferably gener 
ates an in-frame control signal. The in-frame control signal 
generated by state machine 212 may be used in a manner 
consistent With state machine 210, as previously described, 
to operatively disable state machine 210, along With any 
unused circuitry associated thereWith (e.g., SONET/SDH 
framing block 204), and/or route the data stream to subse 
quent processing circuitry associated With state machine 
212. As previously described, once the protocol of the input 
data stream 226 has been identi?ed, the in-frame state 
machine (e.g., 212) preferably continues to periodically 
monitor the data stream to determine Whether the in-frame 
condition still exists. 

[0029] State machine 212 operatively routes the data 
stream, Which has already been determined to be a LAN 
type protocol, to a scrambler/descrambler 206 included in 
the Ethernet/Fibre Channel framing block 208. The scram 
bler/descrambler 206 is preferably con?gured to extract 
payload and overhead ?elds Within the incoming frame 
Which has been previously scrambled in order to provide 
suf?cient bit transitions (e.g., Zero-to-one or one-to-Zero) in 
the data stream. As Will be understood by those skilled in the 
art, in ?ber optic systems employing a receiver phase lock 
loop, the data stream must generally be encoded to include 
a predetermined number of bit transitions in order to alloW 
the receiver phase lock loop to recover a clock signal from 
the received data With loW jitter. As previously stated, since 
a WIS frame essentially contains a plurality of Ethernet/ 
Fibre Channel frames, the WIS data stream 218 can be 
further processed by the Ethernet/Fibre Channel framing 
block 208. The scrambler/descrambler 206 may additionally 
provide data encoding/decoding for error detection and/or 
correction purposes. For example, in a LAN-type protocol, 
for every 66 bits of data received there is only 64 bits of real 
data. Thus, the descrambler is preferably con?gured to 
transpose the 66-bit data stream 216 into a 64-bit data stream 
224 (e.g., using a 66-bit/64-bit decoder). 

[0030] The Ethernet/Fibre Channel framing block 208 
preferably determines Whether the incoming data stream 216 
is an Ethernet protocol or a Fibre Channel protocol, as 
de?ned by the Ethernet and Fibre Channel standards, respec 
tively. The Ethernet/Fibre Channel framing block 208 may 
be con?gured to differentiate betWeen Ethernet and Fibre 
Channel protocols using various techniques, such as, for 
example, ordered set signaling, start-of-?le (SOF) and end 
of-?le (EOF) recognition, and open ?ber control (OFC) 
signaling, as Will be explained in further detail beloW. 
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Alternative protocol differentiation techniques suitable for 
use With the present invention are similarly contemplated. 

[0031] As Will be understood by those skilled in the art, 
ordered sets, in the context of a Fibre Channel protocol, are 
four-byte transmission Words containing data and special 
characters as a ?rst transmission character. An ordered set 
may be, for example, a frame delimiter, a primitive signal, 
or a primitive sequence. Ordered sets are used, at least in 
part, to distinguish Fibre Channel control information from 
data and provide the availability to obtain bit and Word 
synchroniZation, Which also establishes Word boundary 
alignment. Frame signaling (FSIG) in accordance With IEEE 
Standard 802.3ae is used to signal an ordered set of Fibre 
Channel code, and alWays begins With special character 
K282. The special character K282 in the byte0 position of 
the ordered set Will alWays indicate Fibre Channel ordered 
set data, such as, for example, K28.2-Dx1.y1-Dx2.y2 
Dx3.y3, and is then translated back into the proper Fibre 
Channel ordered set, for example, K28.5-Dx1.y1-Dx2.y2 
Dx3.y3. 

[0032] Another technique for distinguishing betWeen Eth 
ernet and Fibre Channel protocols is SOF and EOF recog 
nition. Frame delimiters SOF and EOF immediately precede 
and folloW, respectively, the contents of a given frame. SOF 
and EOF are handled differently in Ethernet and Fibre 
Channel. For instance, Fibre Channel utiliZes speci?c 
ordered sets for both SOF and EOF. Alternatively, Ethernet 
utiliZes only a single control character for SOF and EOF. 
Moreover, since the Fibre Channel protocol employs 
ordered sets of four bytes, the control characters for delim 
iters SOF and EOF Will alWays reside in the same byte 
position. In the Ethernet protocol, hoWever, only the SOF 
character resides in the same byte position, and the EOF 
character may reside in any byte position. These differences 
are set forth, for example, in the 10 GigahertZ (GHZ) Fibre 
Channel standard document version 1.0, section 14, pp. 53ff 
(Mar. 10, 2001) and the 10 GHZ Ethernet standard document 
IEEE 802.3ae, Draft 2.3, section 48.3, pg. 296ff, Which are 
incorporated herein by reference. 

[0033] More speci?cally, the bytes exiting a 66-bit/64-bit 
decoder (not shoWn) residing in Ethernet/Fibre Channel 
framing block 208 are preferably compared With expected 
SOF and/or EOF characters speci?c to the Ethernet protocol 
and the Fibre Channel protocol substantially simultaneously. 
When a Fibre Channel ordered set With proper SOF and EOF 
control character alignment and/or ordered set sequence is 
detected, a state machine included in the Ethernet/Fibre 
Channel framing block 208 preferably begins counting data 
packets With proper SOF and EOF termination up to a 
user-de?nable count to assure no chance of false Fibre 
Channel detection. If Fibre Channel sets are not detected, or 
if EOF control characters are detected in Wrong or otherWise 
unexpected byte positions in the data stream for a Fibre 
Channel protocol, then Ethernet data is presumed. In this 
instance, an Ethernet-speci?c state machine preferably 
searches for SOF characters in the proper byte location and 
begins counting properly formatted Ethernet packets up to a 
user-de?nable maximum count. 

[0034] The present invention preferably utiliZes the 
above-described maximum count to provide hysteresis in the 
protocol determination process, such that the framer is less 
susceptible to “glitches” caused by single packet errors in 
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the data stream, and/or other anomalies. Various techniques 
can be employed for providing such hysteresis, in accor 
dance With the present invention. For example, a “valid 
packet” counter (not shoWn) may be included in the Ether 
net/Fibre Channel framing block 208. The valid packet 
counter may be initialiZed to a predetermined count. If, after 
some time, the Ethernet or Fibre Channel SOF and/or EOF 
formatting is found to be in error, the count associated With 
the valid packet counter is either incremented or decre 
mented by one such that a single packet error does not cause 
the Ethernet/Fibre Channel determination process to unde 
sirably “glitch” or sWitch to using another protocol. A 
comparator (not shoWn) may be used in conjunction With the 
valid packet counter for comparing the counter value With a 
predetermined count value in order to determine Whether the 
protocol should be changed (e. g., an unacceptable number of 
packet errors Were detected), as Will be understood by those 
skilled in the art. If no protocol is found Which provides a 
suf?ciently loW error rate, the framer may, in accordance 
With the invention, indicate a loss of link (LOL) in a manner 
determined by the standard associated With the particular 
protocol or by the user. 

[0035] It is to be appreciated that there are various alter 
native methods that may be used to implement the protocol 
determination and sWitching functions of the present inven 
tion. For example, in accordance With another aspect of the 
invention, the Ethernet/Fibre Channel framing block 208 
may ?rst look for an Ethernet protocol, rather than a Fibre 
Channel protocol. To accomplish this, the Ethernet/Fibre 
Channel framing block 208 may be con?gured to detect the 
variable EOF control character location. Alternatively, SOF 
and Ethernet preamble characters may be used to de?ne a 
unique pseudo-ordered set Which is different from the SOF 
ordered set de?nitions corresponding to a Fibre Channel 
protocol. 

[0036] An OFC signaling technique may also be utiliZed 
in accordance With the present invention to discriminate 
betWeen an Ethernet protocol and a Fibre Channel protocol, 
as previously stated. The OFC signaling technique, Which 
may be employed in the CDR circuitry 102 of the data 
transfer system 100 (see FIG. 1), relies on OFC employed 
in setting up 850 nanometer (nm) Wavelength division 
multiplexing (WDM) Fibre Channel links for transporting 
several data streams over a single ?ber. For example, for an 
OFC function, Fibre Channel links may employ a signal 
generated by high-speed front-end circuitry Which is pro 
cessed by OFC circuitry in the CDR circuitry 102 to 
generate a laser enable signal (e.g., Laser_En). The laser 
enable signal may be a high logic level When the high-speed 
front-end circuitry detects a signal, as Will be understood by 
those skilled in the art. Since neither Ethernet nor SONET 
protocols utiliZe this signal, any link Where the laser enable 
signal goes to a high logic level Would automatically be 
considered a Fibre Channel link. 

[0037] By Way of example only, FIG. 3 depicts an illus 
trative decision tree 300 utiliZed by the multi-protocol 
framer of FIG. 2 for determining the protocol of the 
incoming data stream, in accordance With the present inven 
tion. As previously described, the incoming data stream is 
determined to be either a WAN -type protocol or a LAN -type 
protocol at node 302. When a WAN -type protocol is 
detected, the framer routes the WAN-type protocol data 
stream 320 to node 304. Node 304 determines Whether data 
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stream 320 is a SONET/SDH protocol or a WIS protocol. 
When a SONET/SDH protocol is detected, SONET/SDH 
data stream 310 is routed to a predetermined destination. 
Similarly, When node 304 determines that data stream 320 is 
a WIS protocol, WIS protocol data stream 324 is routed to 
node 308 for further processing. Node 308 operatively 
determines Whether data stream 324 is an Ethernet protocol 
or a Fibre Channel protocol. Since the data stream received 
at node 308 Was previously determined to be a WAN -type 
protocol, node 308 Will output either an Ethernet WAN 
protocol data stream 316 or a Fibre Channel WAN protocol 
data stream 318 to respective predetermined destinations. 

[0038] When node 302 determines that the incoming data 
stream is a LAN -type protocol, the LAN -type protocol data 
stream 322 is routed to node 306 for further processing. 
Node 306 operatively determines Whether data stream 322 is 
an Ethernet protocol or a Fibre Channel protocol. Since the 
data stream received at node 306 Was previously determined 
to be a LAN -type protocol, node 306 Will output either an 
Ethernet LAN protocol data stream 312 or a Fibre Channel 
LAN protocol data stream 314 to respective predetermined 
destinations. It is to be appreciated that nodes 306 and 308 
each function, at least in part, to differentiate betWeen 
Ethernet and Fibre Channel protocols in a given input data 
stream. Therefore, nodes 306 and 308 may be implemented 
by the same or similar functional blocks (e.g., block 208 in 
FIG. 2). 

[0039] As the number and/or type of protocols handled by 
the multi-protocol framer of the present invention changes, 
the decision tree 300 Will change accordingly to correspond 
thereto. A decision tree may also be de?ned for a multi 
protocol framer that is con?gured for transmit-side operation 
in a manner consistent With the decision tree 300 shoWn in 
the ?gure, as Will be understood by those skilled in the art. 

[0040] With reference noW to FIG. 4, there is shoWn an 
illustrative multi-protocol agile framer 400 con?gured for 
transmit-side operation, in accordance With the present 
invention. The multi-protocol framer 400, like the receive 
side multi-protocol framer shoWn in FIG. 2, includes a 
Protocol Lock and Frame SynchroniZation Engine 202, a 
SONET/SDH framing block 204 and an Ethernet/Fibre 
Channel framing block 208. It is to be appreciated that each 
of these functional blocks may be implemented by indi 
vidual circuitry corresponding thereto, such as, for eXample, 
a digital signal processor (DSP). Alternatively, a single 
circuit may be used to implement more than one functional 
block. Moreover, the present invention contemplates that 
one or more functional blocks associated With the framer 
may be implemented in softWare running on a processor, 
hardWare, or a combination of softWare and hardWare, as 
Will be understood by those skilled in the art. 

[0041] During a transmit operation, the multi-protocol 
framer 400 is preferably con?gured to receive, although not 
necessarily concurrently, at least one of a ?rst data stream 
402 originating from a SONET/SDH source and a second 
data stream 404 originating from an Ethernet/Fibre Channel 
source. The ?rst data stream 402 is routed to SONET/SDH 
framing block 204 Which operatively processes the received 
data and generates a SONET/SDH protocol output data 
stream 408. A ?rst state machine 210, included in the 
Protocol Lock and Frame SynchroniZation Engine 202, is 
preferably con?gured to process data in accordance With a 
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WAN-type protocol. State machine 210 receives the 
SONET/SDH protocol data stream 408 and generates a 
WAN-type protocol frame for transmission to a predeter 
mined destination via ?ber optic netWork 414, or an alter 
native communications medium. 

[0042] Data stream 404 originating from an Ethernet/Fibre 
Channel source is routed to Ethernet/Fibre Channel framing 
block 208 Which operatively processes the received data and 
generates a Ethernet/Fibre Channel protocol output data 
stream 406. The Ethernet/Fibre Channel protocol data 
stream 406 is preferably encoded by a scrambler/descram 
bler 206 included in the Ethernet/Fibre Channel framing 
block 208 in order to provide sufficient bit transitions (e.g., 
Zero-to-one or one-to-Zero) in the data stream, a process 
knoWn as “scrambling.” As previously explained, in ?ber 
optic systems employing a receiver phase lock loop, the data 
stream must generally be encoded to include a predeter 
mined number of bit transitions in order to alloW the receiver 
phase lock loop to recover the clock signal from the received 
data With reduced jitter. 

[0043] When the destination protocol of source data 
stream 404 is a WAN -type protocol (e.g., as determined by 
the receive-side framer or by the source data stream itself), 
scrambler/descrambler 206 generates an encoded Ethernet/ 
Fibre Channel protocol data stream Which is preferably 
routed through a second state machine 212, included in the 
Protocol Lock and Frame SynchroniZation Engine 202, to 
WIS block 228 included in the SONET/SDH framing block 
204. WIS block 228 processes the received data stream 410 
in accordance With a WIS protocol and is further processed 
by the SONET/SDH block 204 to generate a SONET/SDH 
protocol output data stream 408. State machine 210 receives 
the SONET/SDH protocol data stream 408 and generates a 
WAN-type protocol frame for transmission to a predeter 
mined destination via ?ber optic netWork 414. A multiplexer 
(MUX) 412 may be included in the framer 400 for selec 
tively routing the data stream output by state machine 212 to 
either the ?ber optic netWork 414 or to the WIS block 228. 
A second MUX 416 may also be included for selectively 
routing either the LAN-type data stream (e.g., from state 
machine 212) or the WAN -type data stream (e.g., from state 
machine 210) to the ?ber optic netWork 414. 

[0044] When the destination protocol of source data 
stream 404 is a LAN -type protocol, the scrambler/descram 
bler 206 generates an encoded Ethernet/Fibre Channel pro 
tocol data stream 406 Which is routed to the second state 
machine 212 included in the Protocol Lock and Frame 
SynchroniZation Engine 202. The second state machine 212 
is preferably con?gured to process data in a LAN-type 
protocol. State machine 212 receives the encoded Ethernet/ 
Fibre Channel protocol data stream 406 and generates an 
appropriate LAN -type protocol frame for transmission to a 
predetermined destination via ?ber optic netWork 414. In 
this instance, the output data stream does not pass through 
the WIS block 228 for further processing. 

[0045] It is to be appreciated that the protocol to be output 
during the transmit operation may be determined by a 
control signal (e. g., in-frame control signal), or other means, 
generated by a state machine associated With the receive 
side framer, as previously described. Alternatively, the 
present invention contemplates that information regarding 
the destination protocol may be encoded into the incoming 
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data stream received by framer 400, as Will be understood by 
those skilled in the art. Additionally, the protocol used by the 
transmit-side framer 400 may be user-selectable. 

[0046] Although the multi-protocol framer is depicted in 
the ?gures as including protocol-speci?c functional blocks 
corresponding to a particular protocol, one or more of these 
blocks may be shared by more than one protocol. For 
example, the scrambler/descrambler is preferably protocol 
independent, and may therefore be used for each of the 
protocols received. Likewise, the encoder/decoder functions 
are substantially identical, eXcept for minor variations, such 
as in mapping control ordered sets (e.g., in Fibre Channel 
protocol) or characters (e.g., in Ethernet protocol). Conse 
quently, decoding and/or encoding of these protocols can be 
performed using the same hardWare, With slight modi?ca 
tions thereto. 

[0047] Advantageously, once the protocol of the incoming 
data stream has been determined, those functional blocks 
associated With the unused protocol can be poWered doWn or 
otherWise disabled, thus signi?cantly reducing overall 
poWer consumption in the framer. For example, the WIS 
frame overhead is a subset of the SONET/SDH overhead. 
Accordingly, at least a portion of the SONET/SDH func 
tional blocks can be disabled When an Ethernet/Fibre Chan 
nel WAN data stream is received. 

[0048] Since information regarding the protocol of the 
received data stream may be utiliZed for subsequent data 
processing (e.g., in a data link layer), the multi-protocol 
framer, in accordance With another aspect of the invention, 
is preferably con?gured to provide information associated 
With the detected protocol to enable, for eXample, further 
protocol-speci?c processing. This can be accomplished, for 
eXample, via a serial management interface, such as a 
multiplexed data input/output (MDIO)/multipleXed data 
clock (MDC) interface, or in-band if coded data is used at 
the interface. When all data to be transferred is in Internet 
Protocol (IP) format, the transmit side can be sWitched to the 
proper output format. IP data from different protocols can be 
operatively fed into one sWitch if a ?rst-in ?rst-out (FIFO) 
buffer, or an alternative buffering arrangement, is included at 
the sWitch input. Buffering enables the data framer to handle 
small deviations in the data rates of the incoming data 
stream. The acceptable deviations in the data rate for a given 
protocol may be set forth, for eXample, in the standard 
corresponding to the particular protocol used, as Will be 
understood by those skilled in the art. 

[0049] With regard to the CDR circuitry, as previously 
described in conjunction With FIG. 1, clock and data recov 
ery of the incoming data stream must be done before the data 
originating from the ?ber optic netWork is received by the 
framer. As shoWn in Table 1 beloW, the data rate is different 
for the various protocols described herein that can be 
recovered by the multi-protocol framer of the present inven 
tion. 

TABLE 1 

Line 
Protocol MAC Data Rate XAUI Data Rate Data Rate 

SONET/SDH n/a n/a 9.95328 
Ethernet WAN 9.294196 4 x 3.125 9.95328 
Ethernet LAN 10 4 x 3.125 10.3125 
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TABLE 1-continued 

Line 
Protocol MAC Data Rate XAUI Data Rate Data Rate 

Fibre Channel WAN 9.294196 4 x 3.1875 9.95328 
Fibre Channel LAN 10.2 4 x 3.1875 10.51875 

[0050] In Table 1, the term “XAUI” refers to 10 Gigabit 
Attachment Unit Interface and all data rates are given in 
gigabits per second (Gbs). The CDR circuitry must be 
con?gured to lock to any frequency Within this range in 
order for the framer to function properly. Moreover, if 
additional protocols and/or data rates are included in the 
multi-protocol framer, the CDR circuitry must be con?gured 
to cover these additional frequencies as Well. 

[0051] There are various approaches Which can be 
employed to insure that the CDR circuitry is operational 
Within the frequency range of interest. One technique is to 
con?gure the CDR circuitry so that it can automatically lock 
to the incoming frequency, such as by including a phase lock 
loop (PLL) circuit. In an alternative embodiment, the CDR 
circuitry can be con?gured such that a plurality of narroWer 
frequency bands are provided to choose from. When the data 
stream received by the multi-protocol framer from the CDR 
circuitry does not provide any usable information, the 
framer, in accordance With the present invention, may be 
con?gured to initiate a frequency band change in the CDR 
circuitry to enable the CDR circuitry to lock to the incoming 
frequency, as Will be understood by those skilled in the art. 
This procedure can be repeated until the framer detects a 
valid framing sequence for one of the supported protocols in 
the data stream. 

[0052] As shoWn in FIG. 5, the multi-protocol agile 
framer of the present invention described herein may be 
implemented, in Whole or in part, in accordance With a 
processing system 500, including a controller or processor 
502, memory 504 and a user interface 506. It is to be 
appreciated that the term “processor” as used herein is 
intended to include any processing device, such as, for 
eXample, one that includes a central processing unit (CPU) 
and/or other processing circuitry (e.g., digital signal proces 
sor (DSP), microprocessor, controller, etc.). Additionally, it 
is to be understood that the term “processor” may refer to 
more than one processing device, and that various elements 
associated With a processing device may be shared by other 
processing devices. The term “memory” as used herein is 
intended to include memory and other computer-readable 
media associated With a processor or CPU, such as, for 
eXample, random access memory (RAM), read only memory 
(ROM), ?Xed storage media (e.g., a hard drive), removable 
storage media (e.g., a diskette), ?ash memory, etc. Further 
more, the term “user interface” as used herein is intended to 
include, for eXample, one or more input devices (e.g., 
keyboard, mouse, etc.) for entering data to the processor, 
and/or one or more output devices (e.g., monitor, etc.) for 
presenting the results associated With the processor. 

[0053] Accordingly, an application program, or softWare 
components thereof, including instructions or code for per 
forming the methodologies of the present invention, may be 
stored in one or more of the associated storage media (e.g., 
ROM, ?Xed or removable storage) and, When ready to be 
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utilized, loaded in Whole or in part (e.g., into RAM) and 
executed by the processor 502. In any case, it is to be 
appreciated that one or more of the components shoWn in 
FIGS. 1 and 2 may be implemented in various forms of 
hardWare, softWare, or combinations thereof, e.g., one or 
more digital signal processors (DSPs) With associated 
memory, application-speci?c integrated circuit(s), func 
tional circuitry, etc. 

[0054] Although illustrative embodiments of the present 
invention have been described herein With reference to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modi?cations may be made 
therein by one skilled in the art Without departing from the 
scope of the appended claims. 

What is claimed is: 
1. A data framer capable of supporting at least tWo 

different data framing protocols potentially present in a 
source data stream, the data framer comprising: 

a ?rst framing circuit con?gured to selectively eXtract 
user data from the source data stream in accordance 
With a ?rst of the at least tWo data framing protocols; 

a second framing circuit con?gured to selectively eXtract 
user data from the source data stream in accordance 
With a second of the at least tWo data framing protocols; 
and 

a controller coupled to the ?rst and at least second framing 
circuits, at least one of the controller, the ?rst framing 
circuit and the second framing circuit being operative 
to: receive the source data stream and automatically 
determine Which of the at least tWo different data 
framing protocols corresponds to the source data 
stream; and (ii) route the source data stream to one of 
the ?rst framing circuit and the second framing circuit 
in response to a match betWeen the determined data 
framing protocol of the source data stream and one of 
the ?rst and second data framing protocols. 

2. The data framer of claim 1, Wherein each of the framing 
circuits comprises at least one state machine, the at least one 
state machine being con?gured to receive the source data 
stream and determine Whether the data framing protocol 
corresponding to the source data stream substantially 
matches a data framing protocol associated thereWith, each 
of the at least one state machines including a different 
respective data framing protocol corresponding thereto. 

3. The data framer of claim 2, Wherein each of the state 
machines associated With the framing circuits are con?gured 
to determine the data framing protocol corresponding to the 
source data stream substantially concurrently. 

4. The data framer of claim 2, Wherein the controller is 
con?gured to operatively disable one or more state machines 
associated With data framing protocols not matching the 
determined data framing protocol corresponding to the 
source data stream. 

5. The data framer of claim 1, Wherein: 

the ?rst data framing protocol is a Wide area netWork 
(WAN) protocol; and 

the second data framing protocol is a local area netWork 
(LAN) protocol. 
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6. The data framer of claim 1, Wherein: 

the ?rst data framing protocol is a synchronous optical 
netWork (SONET)/synchronous digital hierarchy 
(SDH) protocol; and 

the second data framing protocol is one of an Ethernet 
protocol and a Fibre Channel protocol. 

7. The data framer of claim 1, further comprising a 
scrambler/descrambler operatively coupled betWeen the 
controller and at least one of the ?rst framing circuit and the 
second framing circuit, the scrambler/descrambler, in a ?rst 
mode of operation, being con?gured to selectively insert 
predetermined bit transitions into a destination data stream 
and, in a second mode of operation, being con?gured to 
selectively remove predetermined bit transitions from the 
source data stream. 

8. The data framer of claim 1, Wherein the controller is 
further operative to: (iii) detect the status of at least one of 
the framing circuits, the at least one framing circuit moni 
toring the source data stream for eXpected frame boundaries 
corresponding to the determined data framing protocol of 
the source data stream; and (iv) automatically determine a 
neW data framing protocol corresponding to the source data 
stream When the eXpected frame boundaries do not substan 
tially match frame boundaries corresponding to the moni 
tored source data stream. 

9. The data framer of claim 1, Wherein the controller is 
further operative to: (iii) detect the status of at least one of 
the framing circuits, the at least one framing circuit moni 
toring the source data stream for eXpected frame boundaries 
corresponding to the determined data framing protocol of 
the source data stream; and (iv) automatically determine a 
neW data framing protocol corresponding to the source data 
stream When the eXpected frame boundaries do not substan 
tially match frame boundaries corresponding to the moni 
tored source data stream for a predetermined number of 
consecutive frames of the source data stream. 

10. The data framer of claim 1, Wherein the controller is 
additionally con?gured to change a data framing protocol of 
the data framer in response to a user-selectable control signal 
presented to the data framer. 

11. A method of transferring data betWeen a source and a 
destination, the method comprising the steps of: 

receiving an input data stream from the source; 

automatically determining a data framing protocol corre 
sponding to the input data stream from at least tWo data 
framing protocols potentially present in the input data 
stream; 

in a ?rst mode of operation, extracting data in accordance 
With the determined data framing protocol correspond 
ing to the input data stream; and 

in a second mode of operation, framing data in accordance 
With the determined data framing protocol correspond 
ing to the input data stream. 

12. The method of claim 11, further comprising the steps 
of: 

monitoring the input data stream for eXpected frame 
boundaries corresponding to the determined data fram 
ing protocol of the input data stream; and 

automatically determining a neW data framing protocol 
corresponding to the input data stream When the 
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expected frame boundaries do not substantially match 
frame boundaries corresponding to the monitored input 
data stream. 

13. The method of claim 11, further comprising the steps 
of: 

monitoring the input data stream for eXpected frame 
boundaries corresponding to the determined data fram 
ing protocol of the input data stream; and 

automatically determining a neW data framing protocol 
corresponding to the input data stream When the 
eXpected frame boundaries do not substantially match 
frame boundaries corresponding to the monitored input 
data stream for a predetermined number of consecutive 
frames of the input data stream. 

14. The method of claim 11, Wherein a ?rst of the data 
framing protocols is a Wide area netWork protocol 
and a second of the data framing protocols is a local area 
netWork protocol. 

15. The method of claim 11, Wherein a ?rst of the data 
framing protocols is a synchronous optical netWork 
(SONET)/synchronous digital hierarchy (SDH) protocol and 
a second of the data framing protocols is one of an Ethernet 
protocol and a Fibre Channel protocol. 

16. The method of claim 11, further comprising the steps 
of: 

in a ?rst mode of operation, selectively inserting one or 
more predetermined bit transitions into an output data 
stream; and 

in a second mode of operation, selectively removing one 
or more predetermined bit transitions from the input 
data stream. 

17. Apparatus for transferring data betWeen a source and 
a destination, the apparatus being capable of supporting at 
least tWo different data framing protocols potentially present 
in a source data stream, the apparatus comprising: 
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at least one processor being operative to: receive the 
source data stream; (ii) automatically determine a data 
framing protocol corresponding to the source data 
stream; (iii) in a ?rst mode of operation, eXtract data in 
accordance With the determined data framing protocol 
corresponding to the source data stream; and (iv) in a 
second mode of operation, framing data in accordance 
With the determined data framing protocol correspond 
ing to the source data stream. 

18. The apparatus of claim 17, Wherein the at least one 
processor is further operative to: (v) monitor the source data 
stream for eXpected frame boundaries corresponding to the 
determined data framing protocol of the source data stream; 
and (vi) automatically determine a neW data framing proto 
col corresponding to the source data stream When the 
eXpected frame boundaries do not substantially match frame 
boundaries corresponding to the monitored source data 
stream. 

19. The apparatus of claim 17, Wherein the at least one 
processor is further operative to: (v) monitor the source data 
stream for eXpected frame boundaries corresponding to the 
determined data framing protocol of the source data stream; 
and (vi) automatically determine a neW data framing proto 
col corresponding to the source data stream When the 
eXpected frame boundaries do not substantially match frame 
boundaries corresponding to the monitored source data 
stream for a predetermined number of consecutive frames of 
the source data stream. 

20. The apparatus of claim 17, Wherein the at least one 
processor is further operative to: (v) in a ?rst mode of 
operation, selectively insert one or more predetermined bit 
transitions into a destination data stream; and (vi) in a 
second mode of operation, selectively remove one or more 
predetermined bit transitions from the source data stream. 


